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FOREWORD

This repor-t was re-r oa" br- Southwest Research Institute. San

-Antonio, Texas. under Contract No. AF 33(600)- 39425. This contra.;t zwas

initiated under P-oject No. 304-8, "Aviation Fcis. " Task No. 30178.
"Effects ot Fuel on Fuel Svste.s. " The work was administered ander the

direction of the Applications Laboratory. Directorate of Materials and
Processes, Deputy -nr "echnology- Aeronautical Systems Division, with
Mr. Paul C. Linder as ?roject Engineer.

Thris report covers work oerformed from May 1959 through No,-em-
ber .'.960. The contract was performed by the Department of A,.trospace
Propulsion R~esearch. Southwest Research Institute, under the technical
,irection of MIr- Robert K. Johnst-,;. Project Leader.

Th-e fo~lowin- filter-seIarator manufacturers furnished design
information. te.st elements, and other cquipment; their cooperation is
gratefully ackno--_ýedged:

Bendi-x Filter Division
Bowser. hic.
Briggs Filtration Company
Permanent Filter Corporation
Richmond Engineering Company

Warner Lewis Comnan-v
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I
ABSTRACT

The effect of corrosion inhibitors on filtration and water separation
characteristics of 3P-4 fuel was studied in a single-element fi1ter-�eP7ra-
or test facility, using five tynes of commercial elements and housings

design�d tosimulate full-scale flow co�itions. Standard coarse A!C dust
ax.d water were used as test contaminants; a brief stuck was made using
iron oxides. Adverse effects of the corrosion inhibitors varied widely.
and the element tynes differed in efficiency and modes of failure.

The CRC water Se arometer. a bench- scale apparatus, gave a
general correlation with the single-element :esults.. !ntemction of addi-
L:"es with fuel constituents caused difficulty in ear!y work, but otxerwise
tne seoarometer re peatabihtv was satisfactory. Preliminary work on a

eference fluid indicated that an "odorless solvent" may be suitable-

I
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I. INTRODUCTION

in recent years the dleanliness of aircraft fuel has become a m-,jir
concern of both military and commercial consumers. Aircraft gas-turbine
engines are particularly sensitive to fuel contamination because of the pre-
cision fuel systems used by these engines. Further, fuel system freeze.ps
ceused by uater h.ve become a major problem as flight altitudes are ircreased
Jet fuels are relativejv difficult to decontaminate (compared to gasoline)
because of higher density and viscosity. Various types of filter-separators
are used in groun.d fuel-handling fa. ilitics to fiiter out solid contaminnants and
to coalesce and separate water from the fuel. Although the designs and sizes
of such units vary widely, most modern fiiter-senarator uinits are similar in

_ t.he -use .-- Fiberglas elements for filtering out solids and coalescing water.

and (b) the presence of some type of barrier material as a "second ssage" or
"*'separator. " to prevent carryover of water droplets.

It has been observed that some corrosion inhibitors used in je: fuels
can impair the operation of such filter-separator units- These corrcsion
inhibitors, which are gover-ned by the specification MJL-!-25017, were intro-
du...el.. vcra- . y ago !or mit .gating pipeline and equipme;.t corrosion-
Unfortunately, insufficient attention uas given to their effects on fuel-handling
pronerties. The only control c-n emulsifying properties if the inhibitors was
the relatively simple "interact-on with uater" test, which proved to be completely
inadequate to predict the detrimental c'fe,-i:. shown by many corrosion inh-bitors-
Since commonmy used corrosion inhibitors are surface-active materials, their
passible undesirable effects include promotion of emulsions, dispersion Vi
solids, reduction of interfacial tension, and aggravation of the pluggi::- t=zduziL

of filter elements.

in. _znnction -a•-i:h these and ass" zzc.. problen-s, Southuest Research
Institute under Air Force sponsorship has been engaged in an evaluation of the
effect of additives on the performance -#f filter-separators. A test fa..;lity wao6
constructed and small-scale housings were designed to simulate " f-lows and
velocities typical of full-scale equipment. The elements of five manufacturers
were included in the program. Tests at standardized -oaaditions Lave been con-
ducted using the various MIL-I--50i7 corrosion inhibiters and several test dusts.

To meet the rneed for a small-scale test to evaluate and screen fuels and
additives for water-separating characteristics, a test apparatus was designrid
at the Naval Research Laboratory and developed through CRC joint action. This
apparatus i-s now available commercially as the "CRC Water S-paromettr-""

Manuscript released by authors June 30. 1961 for publication as an ASD
Technical Report.
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Results aic presented in this report on the initial operation of one of these j
units, including studies of test repeatability and degree of correlation %%ith

the single-element filter-separator test results.
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11. TEST FUELS AND ADDITIVES

A Gulf Coa-st WP-4 iiel from Howtell Refinin,,, Comoanvz has beer. the
orimarv base fuel used for bm~h the- single-element and the se~arometer
tests. This fuel is an untreated straight-run distillat'- from sweet crude;

i.-s.ec*t--on data are ;hown i:i Table A portion o! this fuel -,ýas provid-d
for use in CRC programs under the derignation R.AF'': l5*-60.

A hich-aromatics jP'-4 was prepared by Ashiand Oil and Refining

C3moan- for use in sjngle-elernenZ testing- Inspection data or. this fuel are

aiso eiv-en in TaI-c I.This fuel conforms to JP -4 -p iiai'si !
re snects; densitv and aromatics content are near the maximumn li-nits.

In addition to tl.e H~owell ?4 several ozher fue!ls were uced in the
5epa-romneter tests. as follow.-s

Commercial aircraft turlý.ne fuel tsso
So~-7sol 35 (Soconv Mobil)

S--lt rol' 1 30 (Phillips)
Ba-;ol D %Esso)
iITF-27 (szuec-al fuel. isovro-a lbicvclohexyvl)

The fuel additives used in this program were as follo-As

Code A thro~mi-h N Corrosion inhibitcrs. MIL-1-2501"i (past
(12 additi-ves) or present QPL); maximum allot~able

concentratioai 1;% or 20 Ib/1000 bbl

C'-ce 0 exc~-tdc~xn~u uZttl;Lve (anti-
icing ana antirustj suppiied ixy Navy. A-E.L
.eS't ;d at 20 !bI 1000 bbl

Codc P An~ti - icing additive P55 MB. tesozec

code o Anti-icin- additive (hexameth-pene glycol),

tested at 0. 515 (vcl'

The group of corrosion inhibitors included essentially all of those which had
been apparoved under M]IL 1- -150!l at any time up ' c the enct --f this orovramn
including several whici- had b., ihrw.It should be nrted that almost
all of the work in this ýrogram was done at ~rixm~ lo-beccneeutra-
titxi" as defined for each inhibitor in MLl50 1. he fewA tests run at dif-

ferera. cor cent rati-ons are so-ci-ficaHl;v idniidihis report-
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TABLE 1. JP-4 FL•EL INSPECTION-S

iSuopliers' Data)

:Ho--e!!(a) Ashblaun

*4a--i . 50.2 4

-r-Viy, ° 95 2-
Existent -urn. m 100 m! . 0.2
Potential g-nm, m-_njg 100 m! 0.4 3-9
Aromatics, FLA. ! 2- 1 4.0
Olefins, FIA, % 0.76 3-5
Sulfur, total, % 0 0!37 A-.03
Sulfur. mercaptan, % N;il 0.001-
Dector test Sweet Sweet
Distillation. AISTM D36

IBP, 1F 139 140
!,0A. F 198 246
at~ 290*F 50 3

S a: 370'F 7 300) 76
'sat 400=F so 90-5

e z 4-70°F 93(b) 98-5
rBP, IF 505 474
R-esidue. % 1.3 1.0
LOss, % 0.7 0.5
"-e; point, ' -78 -So-

Aniline-gra;-it. constant 6000 5285
Smoke point, 2m 22 I8
S .k -.ý'ZHz index -w " -6 55.8
Co-,er strip corrosion No- i IA
Water reaction test

Volumne change. il -- -

.'.terface -ating I I
Tlherr.a! stabiliz

,*p ,'Hig -- 0.1t
"Prereater ratinc -I-

FT. d.nesjcrn(c) --. S -1.I

(a) A portien of this fuel was set aside for use in the CRC w•e-r se.ar-.-
meter pro-ramn under designation .RAF 151-60.

(b) n:er--olaed from distillation da.

(c) S-xa- results on samples from storace tank.
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A. reati-.i-ely minor arount of work was done on Additives 0. P, and
Q- Additive 0 was included as a 'bad" material for a baseline in corrcratin-
the sagi--e:-ment and searometr-er tests, Ad.tives P and Q were included
in a -few seoaron.eter rius as a matter of interest.

17he: corrosion inhibitors were checked {in GuAlf Coast JP-4 at the-
at.- -�nmallowable concentration) for "water reaction" test as requirea br

the fuel speci.fca•iocn MIL-J-56Z4E. The results of tnese eval-uations, as
shown in Table 2, indicate that ts--h -. ntsence of the ii.hibitors at -aximum j
concent ration had almost no effect on the w•- er reaction- rat--ings -
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TABLE 2. -'-r':-CT OF CORROSIO-0N NHBOR
ON' VWATER REACTIO'N

Gu.lf Coast ii'- uel

1 ~Water Reaction Test(b)
luerfaceAV

Additive(a) -Rating ml

* A 10

IB 1 0

C 10

I0
1 0

G 1 ~(c) 0-5

( ic)10

3 1 0

1 0

IL
L I 0

44

Ma) dm."urn allowable concentrations Pe-r M1IL-2-50I17.
(b) Using phosohlate buffler. oH = '7
(c) Inte rface was clean, however, dro-ps of water rex-aimned an cylinder.

* 6



LI.SlINGCLEE-ELEMENT FACILITY PROGRAUM

A- Test Euizoment

I- Test Stand

The test iacil..ty constr-ucted for this project. shoruui sc!~emat-
ic.-'ly in -Figure I,* cý:nsists of a fuel reserv-oir, test filter, and cir~culating
pumnp. ?!us the nei-essary equipment for metering fuel flowx, injecting water

and solids. anad measuring fuel temperatures anzd pressures-

The tueI reservoir is a truck-mounted 5O0-eallogr alumninum
tank connuccted to the test system byc zubber hoses, so that resh -fuel can be
brou-Ir. from ;he fuel stclra-e area to the test area for each test. A zohoto-
-raoh- of the test facilitv with the fuel reser-eoir in oxnerating pO0 Mon is
shlownk in FigL rc

The Test stand comoon-ents --n the inifluent side of tL-e test flu
tr are shom-n in -Figure 3- These include the trater me~tering system. main

fuel -:ump, heat exchangers, fuel floin eter, line screen for ermalsifyin~ h
water, dust feeder, dust-fuzel mixing haul,. dust injection puamD. influent si-ht
glass, influent sainpler, and the necessary plumbnbug and contrcl rahr-zs- A
test filter and the effluent- side comoconen'ts off the test stand are shown in Fig-
tire 4.. These include the effluent sampler. effluent sight glass, ordice-type
fuel ±lo-&neter, manorncters, -and the associated Plumbin an -oto ra.e
M!~i piping is aleminurn, and 'the fuaex svstem-- is entirelr no-nferrous except the
case of the m ain fuel circulating pump-

Man- *.I the test-stand components are standard items and do
not recuire further com-ment- The main fuel circulating pum--p is a rotary-

!r-ne With internal b-..oass for oressure contirol rated at 40 gpm at 420 psi.-
Thme dust feeding and injecting system consists of a ratchet-ti-n variable-
speed drive on an auger feisdust into th1:e mixing bowl; accur..- 0V'iv

teed is l_ 10 ov-er the range of I to 20 glmin;n- F;:ei is drawn. into :he ;us--
:nixxng bo-al and the fuel-dust mixture is injected into* the main ;-.-el lEne DY

4 a helical-screw (rubber stator) pum p of the Moyno type.

A iht meter waas designed and installed -an the effluent s:Izh
glass, as shoza. in Figures 5 and 6- h inst~rumn is mounted with the
lampo and "solar cell" on opp-osite faces of ti= effluent sight -g-ss * solids
or water in the fuel stream~ cult down the ligla transmit-tonce az.- hence the

..utput of the cell.Teintt h api cnrle i zi-oN~

trans-former throug-h a 0- 5 ,-.olt steodown_ transfornter- The sclar cell out-

wut is measurtid by a m iliivo!:mieater. the emf having- prored to be a m-ore

I7
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sensitive indicatir thlaz the current output. This light meter was used in allI

except the earliest nart of the program, and was found to be a reliable Z-nd

sensitive instrument for detecting filter failure (t-ontamirnation in the effluent

streamn). The light meter was built fromn stock cco ioacnts. and waz ;-nc-.Pen-
sive and easv to assemble. Operating experience wat. very satisfactory; no
recalibration, -Aeeaning, nor anyi tZ-e of servicing -was required in some 100
tests in which ihe mt-ter was used.

2. Filte r- Separator Housings and Elements

in order to provide a representative group of filter- separators
lor this program, design data and other information. were solicited frorm -.ar-
i.)us manufactarers of 300- and 6 00-gpm fixed units of the type used in Air
Force 2round installations- 1: should be pointed out that most of V-es5C full-
scale units anteate thtu use of corrosion- inhibited fuel in cualification testing
of filter-separators. therefore, -to represerntations were made b. *h-e manu-
facturers as to performarce of the units or. such additive- containing fuels-

Five fii-ter-senarators .were selected as retpresentatzve of the-
-ather ~-!'ielv different typees beeing used. Element and hou.sing design are not
discussed in detail in this revort because of proprietary restrictions- However,
it is pertinent to note that the five units included one horizon~tal configuration
and three -!ifferent types of vertical c onfigu ration. These configurations will be
discussed in -mare detail in tmrisidijrin~g the question of the single-element

scaleowns.The sirngle-element units are identified in this report as Test Fil-

ters I - V

The elemrnts used in this pro-ram were in all cases the full-size
elements supplied commxercially by the -var'ous rna.sufa-cturers for use in their
respecti-ve filter- separator units- Althougn the elemnents differed rather 'wideiv
in design, a cLommon feature %was the use of Fi)4--rgas in the T -incipal fiftering
and water- coalescing element. The 3Fih----s was fabricated in a variety of

.orm, icluing(a) predensified and boneded waser-shaped Fiberglas blncks
stacked and end-compressed in assemblv. (b) bonded Fiberglas sh-ets wou-nd
in tension around a rigid cor-c of exnanded metal %.r similar mae i" c) thin
bonded Fýiberglas sheets accordion- pleated before winding, and in on= case

a ~W coarse unbonded Fiberglas sheet used fo--r preliminary filtration. In alt.a
0ases the f low in these particul-r ftitteritse-coale scing ele nswaisd-ot

The exterral surfaces of the various elernents were fabric an:!lor perforated
metal. Some of the elements included interior windings of fabric or paper. and
one of the elerment typoes included a porous bronze insert-

In the desians under consideration -the function v-- a final barrier
:)r water separator was performed by a varietiy of arrangeinen'... includi.ng
1 ) a fabric shroud surrounding the fil ter- coalesce r elf ment, ('j) an individual
sevarator element made of treated accordion- pleated paper, ana c a fine
olastic screen

14



,t is nertinent to not.e that the configurations and elements
in=luded in -his program did not include any conforming to the new DOD
filter-separator specification, in which the filter- coalescer glenment has
certain standard dimensions and is surrounded by a Teflon-treated metal
screen which serves as a separator. At the time of choosing the filter-

separator units -or this study, elements and design data for the new DOD
units were not readily available.

The foeir general configurations o! xe scaled-do-wn units are
shown in Figure 7 %of the five units, two were of the same configuz-tz-on)-
The rated flows for the units all jell within the range of 117 to 25 gpm- In
the case of the horizontal-confiouration unit it was necessary to use a
three-element dzsian to fail w'ithin this range of flowrates; for convenience
; -terminogy. this unit is included in the general class of "siigl-elc-at"I

units. The element flow ratings are those furnished by the respective .--zn-
ufacturers. In the units with individual separator elements (vertical side-
by- side and vert cal susEended .cnfigurations), it was found that in each
case the manufaturer's rated flow for the separator element was greater
than for the coal!escer (i-e., the full-scale unit used fewer separators than
coalescers). Ln the single-element units the mismatches were corrected by

-oc~lkn- a =ortion of .-aeh separator element surface with a resin coating.

In addition to the rated flow per element, the other quantity
kept constant in the scaledowwns was ".maximum axial velocity, " defined ts
the maximum fuel velocity component parallel to the major axis of the fil-
ter elements. This velocity was calculated for each of the full-scale units,
with due allowance ior the cross-sectional area occupied by the elements.
pipes, and other internal members, and the scaled-down units were designed
for the same velocity. TVis maximum axi.l velocit.y ranged from 0. 25 to
0. 38 ft/sec.

Designine on the basis of maximm-. axial velocity was not pos-
sible in the case of the vertical side-by- s.d, configuration, since the major
velocity component is net axial. In this single-element unit the case was
designed so that the perceniage of tne cross-sectional area occ.:uicd by the
elements w-as the same as in the full-scale unit; further, the relative posi-
tioning of the elements -&as sImilar in the small and large units.

The unit configurations and scaledowrn tiesign procedures have
been discussed in some detail because of the question that always exists as
to the v~alidity of results obtained in scaled-dowyn units. It is recognized that
no single-element unit can dunlicatz the rather complex condi-:ons of oper-
ation of typical full-scale filter-senarators. However, it is believed that the
careful design of the small units in this program has eliminatel most of the
possible sou-rces of discre.ancies. and that the rcsults provide a valid com-
parison of fuel and additive behavior in a rcresentative group of filter-

separators.

?15
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13. Test Procedure and Rating Methods

The basic test sequenct. used in the single-element filter efficiency
tests consisted of the folluwing:

(1) The element pressure drop and water-separating character-
istics were checked on clean -idditive-free fuel at flow rates
up to 150% rated capacity, injecting 0. 5% water into the influ-
ent fuel strea:m. This preliminary check served to weed out
defective elements. *

(2) The additive was blended into the fuel by circulating through
the bypass system.

(3) The filter efficiency test was run, injecting the desired amounts
of water and/or test dust.

(4) Tht used filter was rechecked for pressure drop and water sep-
ation at various flow rates. **

Three different types of solid contaminants were used in this program:

(1) Standard coarse A/C test dust

(2) Red iron oxide (FeZ0 3 ), Fisher 1-116

(3) Black iron oxide (Fe 3 0 4 ), Chemical Commerce No. 105

Thc particle size distributions of these materials are as required in various
filter-separator specifications. The red iron oxide is considerably finer than
the other two contaminants; most of the red iron oxide is below 1 micron,
whereas the other contaminants range up to 100 or 200 microns.

The major portion of the program was based on two-hour filter effi-
"ciency tests with continuous injection of 0. 5% water and 272 mg/Ral of A/C

*Very few defective elements were encountered except early in the pro-
gram, when a high percentage of rejects was found in the elements nf
one manufacturer. Subsequent lots of these elements were satisfactory.

**The used filter was checked at rated flow and at higher or lower flowv ,
depending on whether the filter was functioning satisfactorily at the end
of the test. Within the limits of flow variation possible in th-D systein
(from 10 to 40 gpm) no changes were ever effected in the final filter
performance.
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dust into the influent fuel stream. This is one of the test sequences specified
in M§IL- F-b678A (USAF) and in earlier filter-o3r4itor specifications- How-

ever. it should be emohasized that this program -as no' concerned fith rating
filters according to any given specification; ti e proce- - zs and rating Lvels
of the fiiter-seoarator specificat-ons mere!;- served as a convenient basis for
com.aring fuels and additives. Along this line, it may be noted that the inaxi-

mum.. soihd. permu-.it:d in the effluent by .IL-F-26678A (USAF), 0.7 rtgii.'er,
• used as a go-no-go rating basis in the entire )o--rogrna The situati.-c on

-ater content of the t.ffluent was somewhat more complicated, as w'ill be dis-
cuzscd 'nc r.

..... '._ =.' the effl..ent strea.-mn wx-re zaken at 0, 60, and 1-0 minutes.
The initial .•amole represented thre effluent stream after conditions had sta-

-izee- (i-bo it two minutes after starting to inject the contaminants into the
inf-uent). These samrples were analyzed for solids content (0-8-micron Malli-
pore filter|) and bor %ater b- the Karl Fischer method. Samoles of the clean

.uei before test, with and •-jthou-t additive, were drawn for deterr-mining inter-
facial tensicn, w.hich 'n a run by the stazdard .STIM mehod with a ulatinu•n
rin-. A san•o.e of the clean fuel before test, containing additive. was drawn
for determi.z-twun of we-ter t,,ntent after saturation (equilibrium e'ssolved
Later content' by the :Karl Fischer method. The interfacial tension and water-
saturation det-rininations were discontinued after sufficient data nad been

ac cumulated.

Readings on the light meter in the effluent stream (or visual raunast
in earliest tests) were recorded every 15 minutes. The light meter reading
"-was 35-36 -nv with clean fuel before the s=.rt of the test, either with or

itznhou-t additine. Lte oresence of either free water or appreciable solids in
the effluent caused a sharp drop of the light crw,.Zr readings.

The pressure drop acr,--s the test filter was recorded every 15 - min-
tautes, and the element pressure dro. --as: iound by deducting a p.redetermined
correct on factor for the housing and fittings- Only the element pressure

dro=s are considered in this report. :•ecause of equioment l.imta:icis, ele-
ment oressure drops of more than 35-40" Hg ce-ld not be determiaed. L-
te-tA iuhere severe filter plueging was observed, the test was usual_-. shut
down -nhen the pressure drop rea.hed this level, in seme cazes the manom.-
eter was shat off from the system in order to complete the last few minutes
of the tes: period.

T.he :ests with red iror oxide were conducted at an irj.tion rate of
2486 mg/gallon. with a test duration of 70 minutes. This corz.sp'onds to a
• aal solids loading on the element of 20 times the gpm ra.ing ef the ele-
men-. Effluent samples were taken at 0, 30, and 70 minutes. In a few instan-
ces tests were continued u. 120 minutes. but alt ratin-s were based an the
"7C- -:-..-:- period. Dr•- fuel tests with red iron oxide were conducted with
direct icizection of the owide through the same s used in feedin the A.
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dust. in the wet-Muel tests t.i red iron o" -Je, O. 5 •water was injected contic-
uously, and the iron oxide was injected in the form of a slurry consisting of
equal volumes of fuel and v.-wter loaded with 0-. 75 lb of iron oxide Der ga!fon

of fuel-water rnixture. Slurry of these proportions has been standard in Navy
Ilter-separator testing for some years. and is being used in the ne= DOD

filter-separator soecifica'ion. Atzetmrps to mix such a slurry based on 3P-4
fuel in a Waring blev.der snowed that the slurry w=a unstable, settling out a
clea. aqueous phase .n 10 to 20 minutes. By replacing 2559 of the jF- 4 with

Bavol D, giving a fuel viscosity about equal to that of kerosene, th- slurry
stabi;;t,. seas increased to aboct 7 hours. This for.iula was used in all single-
element tests on red iron ox.de olus water, recirculating the mi.aure with
an ordinary rotary ,.rn:ý to form the slurr. and then injecting it into the fil-

ter-separator test loop in exactly the sam-e way as was done for dry dust.

Sinele-element tests with the black iron oxide were periormed with
dry fuel only. The oxide was added in the pro-portion of 286 Mglgal for a
test ,eriod of 210 minutes, corresponding to a solids loading (in gra.s)
of 60 times the goeM rating of the filter element-

C- Results and Discuassion

I Li.ht Meter Ratings

Before -pr~ceeding -ith a discussion of the ex-eri-menta- results,
it is necessar:.. 1o consider the interrelationshap of effluent solids content,
water content, and clarity or light meter reading.

It was noted that in the tests with AiC dust a solids content of
more than 0. 7 mgiliter in zt he effl-ent inva•-iabl- caused visible clouding and

light meter readings ranging from 0 to 22 my (clean fuzel gives 35-36 rwr).
Similarlv, fii'uents having uater contents far i., c,.cess of t-.ir res"ectivc
satiretn.w waiues invariably gave c:odha.g~ .-d low l.ight meter readings.

ee-weve 7, the converse is no; true- Many runs sh-owed very definite clouding.
but neither high solids nor water c-"---;s above the saturation vaLi* Exaxn-
Dles of such indi--idual da•:a points are as follows:

WT-ter
Test Test Solids, Water. Satn, r.

Filter Additive Time. mi mgliter mi n eter, m

I A 120 0.2 68 91 32
K 120 0.4- 69 99 25
L 120 0.1 67 154. 20

1i C 0 0.1 21 -9 Clodi (5 M.in)
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Water
Test T1est Solids. W ate r. Satn. Light

Fýilter -Addnti-v Time, min riie!1ter Do Poum Nitter. m

U!120 0.2 28 111 30
B 120 0.0 59 .0- 24

B 120 -. U 104 B3A 26

1V a 120I 0-6 5 6 a36 9

B 120 0-0 25 79 28
D i 20 0-3 52 117 27

-120 0. 1 8! '21 28

T!-us, it can be seen that solids and water determinations alone did not
shoL whether the filter-separator was giving clear efflue~nt- I-. these tests
many t,: the water contents -aere far below t~he equilibrium saturation value
and the solids contentzs were yo- et tieeffluents were cl;aUdv ant; the
h:li meter read-ings showed deiiedecreases fromn the initial values ofA

-5-16 mv.- I-, appears probable that water f-aturaiiuua of tle fuel is not attained
~stwthe relatiVely shortL residenc-n time of the fuel between water injection

and -Aater separation-. * Then, in the event of s-bstandard filter- separator
ne rformance. the effluent mav consist of free water susn~ended in uadersatu-
rated Ifuel, the total water coratent beini- below the corresponding saturation
value- If this is the case.7 then ef~uent clarity is a more important criterion
than tozal -aater content, effluent cloud-mng is a direct indication of the passage
of free isvater,7. wtich p)resumaiblywou1td also pass the element if th--e fuel were
water- saturated- Since the latter condition. ma;- well :orev;-al in field overa-
tion, it ap;oears that the ffilter- spo:arator should be required to remove all
free water at anyv and all conditions of initial saturation- of the ft~e--. and thius
-zve clear effluent- A~tz!'rug~ our Zata are not sufticiently detailed to resolve
this quetstion, the evidence aDo-ears fir-m. enough to warran-t t.'he use of efflu-
ent clarity rather than water content as the primary- rating for the tests in
zhis nroL-raml

Afurther 'ýi4. . sing cf-fluent clarity as -he -r.V.Ii-
pal c riterion of perlormance in -this program -&a-, thc diffi4LultVy en4L.Uzz';red

*Th-s nhenomenon has been noted by others engagee in fzit-zr- -eparator zest-
ing. The probabilities of obtaLining, saturation are, of course, influenced by

:he~~~~~~ iiilne:cmetothe fu='. as well as by the degree of agitation

.-!tne :irne of contazt. It is -to be expect-d that in winter .1oeration the fuel
nIbe well below satu-rationo as it enters the test section.. sts;.ze it must be

wamdfrom. aibi-ent or stc-ra-e te.-nerature to the :ette,-%,ýzrazure of
70-90'=% it is wortniy of note that all of the data in the preceding table were
taken from. -. s run in the period f rom mid-Novemnber to .. 4 id-ia- za~ry
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I with t;-- Karl Fischer analysis and in establishing reliabile water saturation
v.alues. T-his auestion is discussed in m-ore detail in the following section.

Before accepting the lighit meter readings, as the primary :ri-
tenion of filter-separator performance, an analysiS was made of some19

data un-2nts in tests in wh-ich A/IC dust and water were injected. Defining as
satl~acor liht ete radin of3! or higher, sollids 0. - mglliter :)r

below. and water content not more than 5 p-an'. aixove The saturation value.
ilke !49 data points ;.re distributed as follows-

Meter O.solids and water O.K 90
Metcr bad. solids and/or wxatcr lwa- 34

Totaoints of a-reernent 124

Meter bad. solids and water OK 22
Meter O-K. solids and~lor water bad 3

Total points of disagtreemnera

Of the 'three cases in which the m etqr readinas did not predict the exccessive
solids or Water found b-. analysis, one was eXolainable on the basis of lack
of Precision of the analvytical d~ata (water content bv Karl Fischer was 9 ppm
above the saturation valuze, which mray not be signfcn) an heohe w

were zero-minute samD1lCM- ---& uu:XLZA i;=u d6_Cuc.ULV Was rea! 2--t =as Cz=_sedM
by rap idly chaniging effluent oual~tt and the slight time Ia-r between meter
reading and sampling- Thus. ft is believed that the m.eter is entirely reliable
in detectin- effluent contarmination, i-e-. *no passag ofecsie oiso

free water can occur uithout a corresacndir.g drop of the light meter reading-

The analysis of the 22 cases of 'I.nieter bad. solids and water
OKis considerably more complex. and wdl1 Z,- discuszzd in detail here-

-1ne -. isidizated the follawiný

(8 S~isir h a.`e .-.. 7m~ie (the up --r end zxt
the -'acceotable" ran-e) can ;?ff-rt the inete; rr -ings-
Some Z'7% of the "meter bad. solids and water OK" cases

4 wýere in the 9- 4-0- 7 range of solids,-

CZ) Eýntrained air may have caused few as of meter
reflection wani o-it corresponding contannination- Verr

u little difficulty Was ".ncountered with air en~rainm ent in
the facility, and when it did occur it u.' 1 vcouald be iden-
tified as such.

(3) it is nossih-ie that lmu.id conzaininants. immiscible with
the fuel. can be derived irorm additive- fuel-water
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jnt-eract-on or 7rotn the--elemen-.ts zernselv.es- Such con-I
taminants could well be undetectable by the standard
soli;ds and -water an.alytical methods. TrhiS source of dis-

crevancv between meter readings and anmah~ivzc d--'*'=;ý

suspected, especially in t.he. case cf one ad-ditive- However,
its '-ccurrence was random,. and could not be pinvointed. it
is mic that if such interpretation1 is corrcct. themer
rzadings are entirelyv valid criteria w- failure.

(4) T:.-e pcssibiliitx of undersavurated fuel containing free water
has h".,n discussed orevic-asly.. it- is believed that this phe-
no-menon accouantsfarcr ost 0f the cases of discrenancies
betweer. miezer raigsand ana-lyzical data, and t.h-at the
me-.e- rcadings are the zinore valid criteria-

heusetulness of %he light meter in ooinca covaiawrus mon-
itoring ch-eckc on effluent -nualitv mav be illustrated by tbe a'ata, frcm. a test on

"P4 ue contaminin Additive H. in Test Filter IV-

Lighm Wate r. nom Solids.
Minutes Claritr Mete r Sa-uo~zle Samn ang/liter

o Clear 35 :5Ž 104
i 5 Ciear i 3 --

?O0 Hazv 32 --

C 011 Cod% 30- --

60 Cloudy. 2:- 053-
'75 Cloudir 26----

105 Cloudr 26 -- -

120 Cloudy 26 1 !0 i.2

It appears that the 15-minute droD of the meter readin-g to 33 is significant
.. a-in the oeginning -z. efflucr *ntin Data iron- ot:uer tests

'tare indicated that a two-point drop froni thec "clean-fuel" reading oz 3;-36
indicat-es sligh: contamination. and .s almost inaibyfollo-.wed by further
decrease of mnet.er reading and the ap ara-tce o; gros:; contamnination.-

In view of the reliability and cperazi.xnal advantaees of the light
mneter, tereadings were used as one ofl the ori..iary criteria of periform.amce
in the filter-seoarator tests-

2. Wate: Analyses

-A'thoqui-h it does not -anpar oertinent to discuss here the ranv
diff iir et-countered %jzth vtater analyses, scm~e mention should be made
of attemnos that werc made to establish reliaole water saturatic.= values-



U sing a stant-4rd saturation. prc Ue (storage for 241 rsat 3OF Vitn
water/fuel = Fu 31) on samples of fuel-additive bWends uizhdrau~n from the
test systemi * nmwr reprod-"_ibilitv of results was obtained. F or examnple.
using Additive N at maxtrnum concentration in Gulf Coast JP-4.! values of

129. 120, 103. 104. and 8.3, ppm, -were obtained for the saturation water conx-
tents- Su:.e tihe samples -.%ere obtained from different filter tests. the spread

s .i~ is not. ptrc ys~eaking, a measure of the repeatabilityoth
wa7-tr- saturation dtrnain.One direct study of'rezoeatability waS per-
formed #.-- a difieren' additive (1H) in the samne fuel, using a single batch of
fue!-additru.e blend and saturating indilgidual samples- by the standard proce-
dure and it th -.arvin~g storage ti.mes and water-fuel ratios- The eightdtr

Minalt-Xns shoiixed no significant effect of saturation variables; the average of
the delerminaliwzs tmas SS ppm.n- %%ith a standard deviation of 6 Opm and max-
imurn de-riatton c-I 9 Tor. hus, the uncer-taintv in the water- saturation val-
ues a~as 4Lanslderabi% more than the :5 PP... used as a criterian in filfter-
ýCva ra" or or rfvrmaniLe raiin-s (rcouirement that efflu mnt water content be
no m. cre than 5 apmn ab-Dve :ihe mzauration value)-

Some studies were x-ade of another method af satujration-, in
uAhi-h the fuel is shaken -aith water. settled bri.ezfly. and sarn-led by with-
drawal thro.-.±h a Millipore filter disc. A-part flrom practical difficulties
caused by slvu w:thdrawai rates, the method -was hampered by th-e forma-
tion of lac-. emrulsion or scum. which introduced uncertainties as to the
amo~unt of ad&tive adsorbed at the interface- It -was found that water sata-

rton -vaiues d-ternxined bv this metc-od -were usually- 50 to 65% of those
deterz~uned by statir ;aturatwan.

it is ubelieved that m~ost of the dififcult t in obtaining reliable
water- satura tion values was occasioned b-.; the methtod of water analvsis.
Mu~ch of the tuucertainty in Karl Fiscintr water determ-inations on additive-
coctaining fuels stemis fro-.. a lack of knawledgýc *f :ht beh:.-io;-.r of the addi-
tive-. i- t*-Karl Fisc'erI titration- Thr. :z~iou ittrz zre probably
present in amounts a~oo;-e their respective critical r~nz.elle cmoncentrations,
this has been demonstrated for one corrosion inhibitor in this -rou.. %,.r
?erel and Rcifa-nberg. * I. is considered that t.he water "dissolvctu- ;a z
zuel containing such. an additive is held at least partly in the interior of the
acdtti-,e 'nicelles. IT appears somew-hat doubtful' whet)-er such water will
b= determined ouantitatzi-rey in the Karl Fischer titratior.. Frrther uncer-
tainties are introduced by the presence of Mher contzuninaaas in the fuel.

*Perel, .J_ . and Rei-fenber- G_ Iii "Research and Develorsn-wn on the
Surface Active Behavrior of Rust Inhibitor 'Santolene C' in J---3 Jet Fuel.'
Materiz! 1-ab , N7. Y. N",-al Shipyard. Lab- IProject 5319-20. Final Report
INSO0"--001. April 25, 1958-
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.. mate-.;:.'= dissolved from the filter elements. in the tcase ef iron oxidec
dust, tcrea-aears tbea definite nossibil~tv of interference with Ll-c Karl

Fi-scher titration.

Althroaghl all of the ob,-fious sources of error in the Kcarl rischer

itrati.on were corrected and great care was observed in standardizing th-e

procedaire, we were not able to auvroach the _tI. 25 pp:m accuracy which is
necessary if water co-ntents relative to saturation value are to be accepatad as
a primary criterion of 'filter-separator performamnce. It will be noted !hat

errors in the K~arl Fischer determinlation affect both the saturation -it-lue and
the wxater content foun-d for the effluent, so that it is necessa-v to have the

=1.-25 oppm accuracy to guarantee the 5 ppmn spread cited in filter- separator
secificaztjoi-s as the allowable excess of effluent water content above the sat-

uraticn value.

Some work was dane in attempts to irnprove te :hniau-Ts in- 1-an-
dI ine the effluent samples tirax.n i rom the rig- The normal procedure used

inour programn is more or less standard for such work: Dried glass bottles
with plastic- lined caps are used. the bopl.es and any glassware used iai trans-
fer are rinsed twice with tetest fuel before use- Since oninions have been
ex-oressed that this rinsin- is not sufficient 'to eoui':rt h lassrae
with resnect to tne water content ux' i;. fuel. the use of polyethylene bottles
was invest vated briefly.- It was c- dthat nonecuilibration. if a factor
at all, was an insignificant part of the deviations being encountered-

Althoa-h the -water -;nalI-ses and the water saturation. values in
the later stages of the prog--n were improved by general improvement o1
techniques, they are still o; considered as sufficiently reliable as a primary-
standard in rating the ffilter- separator test:,-

3. Test Results Using AiC Du~st a~nd Water in C,1li Coast J?-4 Fuel

In -v.iew of the extremely laryce volu.-e -A data oenerated in: t1is
prcram,. the result s are presentco-t - i the for.: of a summary 7bl z

it will be noted fro-r Table 3 that ail of the tests on additive-free ;,el ITest

At Filters I - IV) shov.ed satisfactory pefomneTstilrVwano
checked on additive free fuel, since it had demnonstra-ed satisfactorv per-
formance on somec of the additives.

Test Filter I was in general characterized by high element

pressure drop in scvv-ral of the tests exceediptg th~e limit of 3-11 Hg- The tests
on three a~dditives (G Hi. and 0) wart =-rm-inated early because of excessive
pressure drop.- T1he excessive pressure drop for Additive G .Was not ty-pical
of i..s tests in other test filters, in the case of Additive 0. r -cýLrznnrative
data are available; this additivre w-~s i:-.cl~uded for a single filter- senarator-
run simply as a bad-performance Na-seline for other sm~all-scale tests
described later in this reno~r. In th.-e case of Additi-ve H.the pluggin~z behavior
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'1 when run %i-.h AiC dust and water was typical for all of the element types,

fuur out of the five showing excessive pressure drops- This additive was
also run in Test Filter I uith the standard 0. 5% -water but without test dust.
Ver-. little pressu-e drop was obtained, indicating that the plugging behavior
of Additive H is occasioned by additive-dust interaction-

The results with Test Filter 11 includcd duplicate test.: _n three
adrit--ives, all of whizh showaed -ood reroeatability. The two tests on Addit.iv;e
C both showed a clorad- clear sequence- In the one test the cloud a~peared at
once. so that the zero-minute sample showed excessive seater an~d soxids, in
the omter test, the cloud was delaved until -,ter five minutes had passed, so

thtthe zero-m-inute ý;mrple did not detect the zontam-ination preqent later.
Both tests on -Additive H shouec the excessive plugging typical oi ie addi-
tivie, and were in excellent agreement on solids content and periodd of clog.,;g
Incidentallv, Additive H was the only "-plugger"* in Test F2ilter IL. The two tezts
on Addizi,;-e J --a-e almos: identical chec:, results with rpspecz to oressure
drop. solids, ant! period of clotding. and both tests shzrtL~e !! -zte

cantzn :: bc thc tterce of the cloudina. The results on Test Filter 11 were
obtained bef ;.rc Uth instailat ton of tht light meter-

The resu*-ts with Test Filter III showed that most C4 the nadaties
interfered serivuslv with its fun~ctioning. oniv Ad1ditives B anti Egave good or
mar-inal resultz- .xL the initial tests or. these addixtives, the effluents showed
so- haze durino th#- j-S! 2%,if of each test. although no -free water or exces-
sive sclids were detected 1v analysis- As discussed previously, this behavior
is attributted to -undersatu-rz.*;n- of the- fuel- Additive E in a repeat test
showed satisfac-tory performance

In the case of Test Filter TV the only two additives giving satis-
"faczory or marginal ratings wtre E'and N_ T-his test filter was the onlyv unit
-hit h hantled Additiyý-e H =withoDut excessive pressure dro-p- however, in hoth
mests on this additive,. the solids contents of the effluents were encessive.

Test Filter V -=as sirni.:-er to 'V in that the best re!,:-lts wre
obtained with Additives E and 'N. The interpretation of the data on Aejhtives
D and F in Test Filter V was compl~icated by the presence of entrained air.
Since this unit had an irnadeouate air-bleed z'-,;sterm.

One point requiring som e discussion is the cause of thee effluent
czlzouing observed with Additive C. Tlhis additive differs from the otnars in

U that effluent cloudingz often occurred most miarkedly in the fz7-r few minutes of
the test, sometimes with mnarkeu. improvement as the test prrozressed. Alsq%
the tests =n this additive had shown a t-arked tendency to give -Auyefflueat's
alonE wjit:' low mater and solids contents. As zdiscussed previously, this could
indicate nonecuilibration and -andersaturation" of the effluent. However, it
appears that L--. this p-articullar additive the hypothesis is not applIcable, in
vriew of the marked im.provernent often observed as the test progresses. A
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sumary tf tht tests on --his idditive is given in -able - it will be noted t-at
. six out td the seven tests the clarity and/,r water content of the e' ffluent

improved ajs the 1-st progg-e.sed. The wxater contents observed at 60 and 1Ž0
minutes were at or below -.he nominal saturation value of 123 vv.. -in all tests
e'ilet a single test in Test Filter IN, and the reotat test in this filter gave

l water contents throughout. Although the reasons for tne erratic 1De~avior
of this addire are oe at ail obvi:. us. it is sunsected that a reaction between
Trc sdditot af t ae r and:or fuel ic purities nd s respeonsibte St-tement
been made that this -dditive react-, uite diff.-e - -ntlv with osferedt 50uels. No
data -~rf available frarm this program wAhi.ch -,.e~d an,. lighi fr. such behavior-

To develor e some iniormnatrion on the effect of ad1 :i.-e concen-
tra:1on. five o; the corros;on inhibitors wyere checked a-, minirnum allowable

iexetrasiongler MLes in Test Filter indh Thea inihibt r were chosen

"as rer i,-l.vengs;those r howin. seAh he effects on filter-senaraticr per-
zorxnanc-: when usied at maxiunum contentratio:-. I-e ýLomparative result35 at

t- th Lo u=ded:tirations are shown in Table 5. -1it will b-sed t h-att for

Additi-.es i and K. the "m.-niimurn" results tvere as bad is the "niax-irnu-m-.
However, for these additives the imaxum•-r and minimrue m cojsCentr.;temns axe
(elose to.ethe-. and this is reflea:ed Ln the re.atively small di;Ference of intcr-
!a~za! tesznetui~en the max2-i.u.nu and mnini~mu-m con.-entratirmus. Addm-tives
C, G. and S ha-.-ai allable -oncent rations which are ZS to 40eaior.

it-- corre-sTondine maemuros in the frii.er tests on these addi:ives at rnenrmu-n
.. oncentratiton the rest; ts -w;ere unquestionably( satisfactory- it will be roze:1
that tale orrespondint. :nterfaciar tensions at minimumt concentrations of thes-e
ihr-e addztin-es are at! c'ose to that Au the additive-free fuel (about 4e-0 des fcml-
From curves of interfacial tensio-n v.bs conce-ttration on One or the-se additives.

tt was evident that the critiral results "o.eras fell bet-weer . - Lirau ..'"
an- mtnemum . t. azneers probable that ane additive -on*,rrmirod to this rel-
tonsrlo wits maJor etin te effect-_ o: maximum. and e - inimum
concentrationn on jilter -performance.

e r ne impmroved results on thrc .i thes inhibitors at sinitmnum con-
centration rusts the cuestuimn of uhtner the major part of this t-irz ::roograrn,
which tz based on maximum concentrations, is at ai u realistc in ofu'.iro-
C curee-ent. during the pcriod w.hen the use of corrosion inhibitors wa .required,.
Frominimum concen-ration -as most oreqzently uted, the oahdrnune beingt used
only to mneet some de:inite nced fe. g.. pip-eiine pro:e-tioxd. This question vras
discussed at some lenot!h %ith personnel z.1 ALSD and ethers. R. was generally
agreed that tht specification limits. whi.h in some cai- qes allow a wide spread
between minimu um and nraxiniaro c aecentrat.ony maa be unedrirsa.uble. hswevelr.

so Tong as these limits exist. filter- separator test work is ob_.im ed to take
acconnt oi -ad'l•i-tze periormance at maxim== ccncentrat;. r r. ;Ill

-urther s..gpr-e! -e d rt test r n erthrmned at mr aimitum additive co.-cen-
tratiens. and z.- l subheuesnt oiscussionr is on this boasis.

-i.• ,. --
-x..c..:• ase on-.•.ximm c~ncntrtion, i •,allreaidti, i fu.'-•ro
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In order tu provide a condensed sumnmary of the large volt-me
of test results, it is necessary to make some rather arbitrary *=.::ons
of satisfacturv- .er.ormance. Satisfactory solids retention is defu-ned at less
than 0-. 7 mg/liter in the effluent throughout the r.-a. Satisfactory perform-
ance on water sevarationis de-ir.ed as the absence of any cloud (detected
either by the light meter or visually) throughout the run; this is really a dou-
-! rating. siz.ce it may be influenced by solids as well as by water. Water
contents of the ef.fluent are not used in the rating, since at best They are far
!ess sensitive and accurate than. the light meter -,d-- visual ratings- Satis-
factor- nerformraace o: filter plugging is defined as an element A? less than
34" Hz in a two-hour test.

Using these definitions, ratings have b-t:n assigned to each
e'e:-ment-additive combinat-aon- tested -with A/C dust, as shown in Table 6.
The over-all percentaee of sa:isfactorv ratin•"s is calculated for each ele- -

ment and each inhibitor. l•the percentagc of satisfactory ratings ranged from
93% (Additive E) dowan to 13% (Additive H)_. The additive ratings l- the di-

feren: criteria .nay be comprared more reauil, by the foo-•-'tir tabulation
showin-g the nu.-nb.er of satisfacturv rati .ngs (out of five possible. Iby each
criterion:

N-unber of Satisfactory R-atines
So'-: Effluent Filter

Additive Retenticn Ciondinlz Plu iziz Totai

N - 314

3 3 0T 1 co 17

C -2 0 4 6
G-" 1 7

H 08L 3 0 1 8
Th - .. r i

T1 he comarative ratings of the fLiters showed a considerable
spread by each of the criteria but less spread on over-all ratings. Filter !i
U "as the most s.tisfactor-v over-all, I ard V -ere rated ecual :tt =n the basis
- Ai.ferent criteria), and 1V and IlI followed in that order. '- should be noted
that the "over-aii" ratings should nc, be taken too literally, since there is no
mathe.matical basis for averaging the th-ree indices into a sinbic rating.

The sar-e order was shown by the ratings of effluent clouding.
excent that Filter V was •nosidzrab!v less satisfactorv than I.

-u4
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Ratings of selids :em-ovall show. in general. an inverse rela-

?~~1hp. Filter 1, which was verv- effectiv-e in so'lids removall, a-so Shc-wed
byV far the worst Plugging behavior- Rating the elements on a lowcr Z.-P value
would hiave emohasized this behavior. Although V was rated as high as 1 or-

solids removal, V did noz show the plugging which nmight have been eXPEcted..

Major difftcrences in the dirt-holding capacity of these filters are not too sur-

prising. in view of the wide differences in element design an-d arrange-rent.

Arr-anging the additives accordiLng to the nu mber of satisfactory

performnances on effluent clarity, the following order is observed (whe~re half
ratings are used to indicate marginal test results)--

I_

D

B5

GI
C 0
Hi 0

3 0
0

10

7- hUs it is seen that onlv four trat of7 the twelve corrosion inhia-
itors gave satisfactory effluent clarity in more than two of the test filters-
None of the additives exhibited harmless ef-fects in all five filter units, although
Additiv-z was -ivern only o-e "marginal" rating for clcuding-

it is noted that the performnance u.' azuut additiics in effluent
cloudin; a general relat ionship. -_i . ra--crfacial tension-. T1he dlata or.
the folo-aing page tillustrate thc interrelationship between additive performance
and the interfacial tension of the frcid ;,ter initial blending witui Nddiive. af-ter
running for two hours in a st-andardifilter efficiency test, and aftez thoroa-gh

extraction with water in a laboratory- apparatus.. * The data shown ir the fol-
lowing tabulation for the "as-blended" and "after-test" samples are averages
:or a nu-mber of filter-senarator r-.ns. Although som.ne deviations uere noted
among- the IFT values fzr z given additive in differe..t r~un5. tne deviations
were not sufficient to a.ter the basic order. shown in the tabuliation, and there
was no sienifica2-nt relationship between file type an-d IFT 'aiter-test" valu-e-
it wil b noted that the general relation~shiv between -nerformance and IF T is

12200 -"! sarnples of fuel-additive blends were extractedi by droop-ise perco-
lation of 4li ters of water through the fuel.
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marked by some notable exceotions. Additive N -s completely out of line in
the "as-blended' IFT ratings, the low value of 21 suggesting poor performli
ance rather than the relatively good performance observed. Interes-tingly.

Interfacial Tension, dynesicm -Nunber of

As After After Satisfactory
Additive Blended Test Extraction Effluent Ratings

E 38 40 41 ---5
N 21 25 40 3.5
D 29 3- 36 2-5
F 33 36 36 2.5

B -'3 2- Ad 2

Z 2a 33 35 1
G 27 33 3. 1

C is 17 5 0
H 31 35 36

1 16 16 19 0
K H! 14 17 0
L 15 18 16 0

this additive after thorough .xtrac?1o. if the fuel-additive blend ith -Wa:er

gives an iFT -DproachinE that of clean fuel.. T-h same sort of behav-ior
upon extraction was show-P by Additive B. indicatin-g that moderate amo-nts
of water are insufficie .t to remove these additives, but that large amounts
of water probably cause complete extraction. Aihutough in the -nast general
sense this statement can apply to any adddtive, it is specific for Additives
B and N within the range of extraction conditions studied here, •hich included
water-fuel ratios from approxi•nate!y 0.08 (in the ilter, tests) to 20 (in the
iaboratzor. cxtraction).

Referring again to the_ =:t-ceding tabulation., it wil! be xcned
that Additive H i- 1-l: nf Jir.-ei ;- , €--- - hghe -- *.-.-: ;--;u
are not characteristic of th-e other Door-performance inhibitors.

Examining the values of IFT1 after thorough extraction, oe nay
generalizt that any additive which after thorough extraction shows an IF-I
below 20 for in fact below 30) is ant to give -.ver- Door coalescer Deroorm-
ance. Ho.1lwever. the converse is not true: A high IFT after e-ctract;.z -'-e
n.t guarantet good nerformance-,. _ as is illustrated by- the dat' on Additive H-'

The general relationship between IFT values anu elfect on coa-
lescense was ill-istrated further by the data presented previously on five
additives at mk:-imum and minimum concentrations.



4. t h.Aroimatics Fuel

The vnecial high-arornatics Fu-el fuel nrenared by Ash-

land was run with each of the corrosion in-,ibitors in Test Filter 7 and with

three other test filtrrs nsing Additive B only- The results of these tests are

listed in Table 7. .- ccmnparison of t-"e-se data with those obained On thfte Cm_'.

Coast JP -4 (which contained 1-l* aromatics} shows that the twc, fucls gave

ven- similar rezuh€ in efflut:nt ,.ivg and solids retention. b* -that Ite

higl-aromatics fuel was significaitly worse in filter plugging- This c-ni~ar-
ison is illustrated in Table 8.

5. Test Resalts Using iron Oxide ix-sts

Th ct -•'---a-z,- ,---- -r- iron oxide (wet and dr•-) a-id black

:ror. ,xide (dry) are shown in Table 9. These data are no; as extensive as

those on the AiC dust. The majority of the corrosion inhibitors -ere eval-

.Ilted with dry red iron oxide in lTest Filter 11, and selected i-hibitors were

evaluated "ith wet and dry- red iron oxide in each oi the it:6z i-The

tests wi;;- black iz-x, oxide were confined to single tests with Additive B in

Test rilters I an ..

It will be noted that the light meter w-as quite sensitive to the

presence o0 iron oxide in thee effluent, in .(--A-ne cases detecting concentra-

-.ios vhich were not ev-ident., visually (e. g in, the test on Additive K on dr-

e ed iron oxide in Test Filt-r ,.

For case of comoarison, the results are reduce. to -ass-fail

ratings in Table 10. Only the solids retention ratings are shown, as thesc

ap.ear tj be the most significant, Incidentally, no effluent clouding due to

water .%as noted in Any of the failing tests on wet red iron oxide (slurrv)-
In all instances where an effluent cloud was n t"'. -he reddith color o. t.rhe

.. cide -i.r.nminated, and no excess w'_- . i.d be identified v-isual-.. -K.ar:

Fischer determindtions o.- a fe- of these samples gave extremely variable
results, and it was concluded that the oresence of iron oidde was =terfei@

"=-ih.t the titration-

Considering first the t-ests with dry red iron oxide in Tcst Fil-
te- 1i, it will be noted that satisfactory periormance was obtained with

additive-free fuel and wilth Additives B. E', and H. it will bc recalled that

Addtt.ive H in tests with A# C dust plus water gave excessive plugging in Most
of the- filters, including H1- With dry red iron oýide the unsatisfactorr tests

in Test Fi!-=r -1 i..,-ded Additive'z C, D, F. and N; the !as: t•ree of th-s

additives had bee.n satisfactory with A/C dust and water in this filter. 7=
failure on Additi..e C w--h red iron oxide was very prono.ncev. zmd it was
noted that the presence of this additive a.varently promoted disiiersion 0!

the red iron oxide in the dust mixing system. The red iron oadde, albloue

yen- fin... has a pronrunced tendenc- toward azgregati•n of the ?articles,

3S
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1_k1_-LE 8. EFFECT OFF FU7EL TYPE OIN FILTER-~SEPA4RATOIR

PERFOILMAINCE

A/C test dtast and water

Legend: S =Satisfactory
_X = 'Marginad

U, = Unsatisfactory

High- Arom~atics
Test G-alf, Ccast Jp-4 jP-4

Additive FitrI() (b) (c) j(a) (b) (c)

A IS u SU U.

B I Is S S u S u
C I S iU MNi u u u
D I !S S S S S S

E i .5 S S S S S
F F S S S S S

u Uj v- S u(o -

iz U u U S U~d U.
T, IS s u S T 'U

LES u S S U. S
L S S S s U s

B S js S S

A Satisfactory : 8 40 731 8 47 60

%.satisfactory O-er-ahI 6 676

(a) Solids retenticri.
(b)p E-ffluent clouding:
(c) IFilter pilugging-
(d) Satisiactorv P-rformzar-ce up. to tirne of co-alescer rcpuot-._r.

-.



TABLE 9 OFFUTMM FFCINC TEST RESULTS

MxValue .-zr Test M i nzxmir n Period of
eS t Stdids. Light Meter Clouding.

Filzte-r AdMi&.E4vel ~ He m-g!iiter~b) PReadina, my nai

Red -:-cm Oxxde, Dry

Nce >z 5- tcl
B 10 0. 2 -001 22 lair) None

->34 0 4 .=; 32

£Nanz 2 0 0 36 None
B 2 0 2 o 36 Nont
C 2 150-zod

1- L3 -;0; 31 1= :
E 0 O 36 Nome

i i.1 70ý 30 15 - -13
0 1 2 -0. .3 one

K 0 7 0: Ncne
N ... 29 0-70

Ncne 0 0 3= None
B 0 28 0. 10 (. 5 1d;

0 0 29 tair) None
* 0 ' 2 At 70

*B k 3 mo; 0 - :;d)

-c- :rc= Cmide. W-et Slurry,

.Nzne 34 01 '-0

-Nsne 77 60-70
Nan-e 8 01 4
B 4F-~ 0 12

101 70 ;3 30-70 a

it 0 1 -0. N ne
:v e i7 0 1 30 3 4 None

Black Iron Oxide, Din-

B 0 03-01. .

'a' Maxiurun~ a11erwabie cc.aer MIL-:- 25017.e
(b) Figures in parent-heses represent Minurites a. which ma'cr--murri sarnpie was *akem

IlCcalescer failure ncted at zzzmmun'.ts test term.-nated irnznediatelv.
id) Test terminated befc-re end :ýf nc:n-aIz period



TABLE 1i. COMPARATIVE RATINGS OF ADDITIVE EFFECTS ON
FILTER PERFORMANCE WITH IRON OXIDE TEST DUSTS

Gulf Coast JP--4 fuel

Legend: S = Satisfactory
M =Marginal
U = Unsatisfactory

Iron O-Qde Solids Retention Rating --,ith Fiter
Test Dust A.,ditive i L_ m ' v

Red. dry None U(a) s

B S S U U
C U
D U

U(a)
F U
H S U
K M
N U

Red. wet (slurry) None ST M M S S

B U U
-" U

Black, dry B Sia)

(a) Unsauzsfactory with respect to filter plugging (pressure drop,.
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6 0

and it appears probable that the relative perlormance of the various fuel
additives with the dry- red iron exide is inversely related to their ability"

t.o eispterse the aggregates.

:n comparing Test Filter II with the otht-r filters on dry red
"-ton oxide, the very limited data indicate that the additives handled success-
L-'l!. b•" ii jB-��, E, ani H) can cause difficulty in other types of filters.

in Ott, tctas using wet red iron oxide (slurry) in additive-free
fuel., one bad test was obtained with Test Filter HI, hut the repeat tes" was
satisfactory. fest Filters !, U-1, and IV handled the additi-e-free fuel suc-
ces•.lly, athough relatively high pressure drops w'ere noted (Table 9)- in
0-c three instances -here additive-containing fuels were run with slurry,
failures were noted. Aithough these data are very limited, they do point out
the ex•tremel-- adverse effe,=- i-n slurry" tests of one additive (B) which did
not, cause difficulty in the dry red iron oxide tests on the same fii.,zrs U and
Hi)-

The two tesis with dry black iron oxide using Additive B showed
reasonably good -perftrnance, except that in Test Filter I the run had to be
terminated at 165 minutes because of excessive pressure drop. The run in
Test Fil:er H, was entirely satisfactory.. These two rtns were made orinci-
paily to obtain particle -ount data on effluents with this Darticular conlam-
anan;. t e-, ei, it vas ,, h-.hat,-e Millipore filters used for the counting
containec a corsider-ble arnunz df the red iron oxide, evidertly remainine
in the system. irom pre, 1ous zests. Sir..- it was difficult to distinguish
bet!"een the two tvyes o_ n;--ticles in the microsc pic examin'ation, it was
impossible -o obtain a valid count cn the black oxide.

4ii
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IV CRC WATER SEPAROMETER

A Test Equipment

The CRC water separometer is a small-scale rig for comparing tuels
and additives as to ease of coalescence of dispersed water. The basic design
of the apparatus was worked out at the Naval Research Laboratory*. and the
standard rigs have been built by Emcee Electronics, Claymont, Delaware. A
photograph of the control panel and coalescing and settling section is shown in
Figure 8, and a flow diagram is shown in Figure 9.

In operation of this -rig, a fuel-water emulsion, formed by recirculat-
ing through a pressure relief valve, is metered through a coalescing section
which consists of a pair of small Fiberglas discs, compressed to constant
volume, with I . 0 cm- effective cross-sectional area. Coalesced water falls
out in a small glass settling chamber, and the fuel effluent passes through a
light cell iturbidimeter) where any emulsified or suspended water is detected
by its effect on light transmittance.3

Several modifications of the original apparatus have been made; these
have been coordinated by the CRC Water Separometer Panel of the CRC-
Aviation Group on Jet Fuel Icing Problems, in order to keep all of the rigs
standard. These changes will not be discustsed in detail here. However, men-
tion should be made of the problems encountered with fuel cooling; neither the
in-line cooler originally furnished with the unit nor the use of an additional
cooling coil around the fuel tank proved adequate to maintain the desired 75-
85°F range under summer conditions. It was found necessary to operate the
equipment in an air-conditioned room.

Mention should also be made of the standardization of the coalescer
discs, which was found necessary since the weight of the discs (end hence
their density when compressed to a constant volume) has a marked infliuence
on coalescing ability. The discs are now standardized by measurement of air
permeability, with pressure-drop limits of 16. 5 to 19 5 cm water or, the fine
discs and ?. 0 to 3 ?. cm water on the coarse discs, at an air ilow of 8 liters/
rmin

',Krynitsky, J. A and Garrett, W. D. , "Development of the A'ritcr Sepitr-
ometer, " NRL Memorandum Report 1105, October 1960 (interirrt report).
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-B_ 'test Pioceda~re-

The -over-al 1 opertinuzg procedure Nas -been- outuln ed byv the AtkC" PAni

Iand -the tests in the SwRI program hat e foLc~ tiMs ovutizeý except-; zo uir 5C
changes in fiushb~g-oroceduires which *ill be discutsed liatr..Teooigja
is a suinrarv of the 12,andad procedure..

Star-in with a-cdean-rig. unhe with Bavrol D. new ccalescer aele
ments ate installed and the entire svstem is fluihed with ZS0 ml of tcýE~tfue:L.

-The turbidixmeter (lght meter) is set to 100 during this period- -The reie
sm pumpessure.. Two lite. sr nf prefiltered itest I

fuel are poured into the tazik. iýnd 1% (20 ml) of distilled water is adde-d wi
recirculating for five xinu;tes to. forni the ex 'Ision.. This mixture is thenr
mnetered through tne coalescer at a set schedule of increasing flo'* rates; _wo-
schedules have been used. as follows:

low Rate Minutes- r nllznin Original R4"rised

40 1

70 4

0 10 3 3

reZins ae a~en at the end of each period and averaged to

obtin cof. tiv raingonthe fuel or fe-additive blend-

In the standard c~leanaun paroced;ure :h.- svstexm is w-ashed c.ith a total
of 1000 ml of 4%916 isopropanoci in four or five portions.. After the fiua~l'iso-ý
propanol flush, the settling ehamnbex 'Lad light cell are drained. the tixales-

.- - ~~cer is removed from ;he system, ' anpr H- ~itae.~
proce~dare is then repeated itatoaof10mloBaoD.Th oescer

I. hou-sing 1cleaned separately) is fitted with new cerner'.zs and installed for the

I ntext testt-

I ~~This standard flushing procedure leaves aa appreciabeaico of

residual. solvent in the lines.. For example, -it was determineJ thit alter -the
finjal ioropanal Rlush the fluid in the recirculating lines still contained mr

Ithan 0-. 5f* oi the fuel fron -the preccding test. and preszmably a comp-'ableA
I ~~holdover of isopropanol carries throg h subsqetByliiuhs

Actually, some 2500 rml of flushing liquid, in multiple Iflushes, is 1netess
- ~to reeuce the cohlert of the preceding fluid to below-~ 05..O

-;7



Considerable effort was expended in attempts to improve the flusý ,ng
procedure, since it was suspected that residual solvents would have a sig-
nificant and variable effect on test results. This work will not be discussed
in detail, since it was subsequently determined that other factors were lar
more significant in test results. The principal alternate flushing procedure
whic:h was used consi3ted of the use of water followed by benzene.

C. Tusi. •,.aults and Discussion

I Test Repeatability Studies

Of the more than three hundred tests run in the SwRI program,
the majority were concerned with test repeatability. Only the majcr findings
will be discussed here.

Work was started un the separometer by a series of shakedown
runs, fullowed by .• round of couperative testing with the CRC subpanel. Then
a second round of testing was initiated with graded coalescer elements as dis-

cussed previously; a few other relatively minor changes of equipment and pro-
cedure were introduced

Initial testing at SwRI under these new conditions showed a star-
tling increase of separometer ratings. In particular, Additive K, which had
been rated at about 30 in the first CRC subpanel program, now gave an average
rating of 79 in four tests at SwRI. Subsequent investigation at SwRI revealed
a major problem in repeatability on this additive, wi.h results ranging from
32 to 95. In efforts to establish the cause of this poor repeatability, a system-
atic investigatiuon wab made of the effects of ambient temperature, type of

cooler used on the rig, position of the regulating valve, flow rate schedule,
and flushing procedure. No clear-cut evidence was found for primary effeLts
due to any one of these variables. Much of this work was concentrated on
flushing procedure since it was suspected that residual isoprcpanol (not

removed by the Bayol D in she stand-rd flushing procedure) was resp-nsible
for the erratic results. A flushing procedure was adopted in whici. tio iso-.
propanol nor other mYutual solvent was used, relying on successive flushes
with water and benzene to clean the rig. This procedtre apparently brought

the separometer ratings back to the original level in the 30-40 range and
improved repeatability somewhat. This procedure was used in running tests
-t SwR.I on all of the additives in the second CRC cooperative program as
discussed in the following t,--ction.

In subsequent work,poor repeatability was again encountered,
and a number of other factors were examined for possible eff',,t on rating

level and repeatability. These included back-pressure regulator position
and condition, source (lot) of coalescer elements, and water holdup in the
fuel tank. The water holdup apparently was caused by progressive contam-

ination ol the 100-nmesh stainless steel screen in the bottom of the tank.

48,



None of these variables appeared to be the sole source of the difficulty. Also,
it was demonstrated conclusively that the flushing procedure was not a. critical

factor in results.

An analysis of the data indicated that a combination of blend aging

and water holdup at the fuel tank screen was the source of the repeatability
f ,fi•i•-ltip on Additive K. Up to this time, no accurate records had baen kept

on blend age. Usually, up to two gallons of test fuel would he blended with
inhibitor; this batch might stand overnight or over a weekend before it was

Lukfopletely used up in tcating. All blending an. storage wa. carried oi, t in
glass containers throughout the program. A rather large number of tests was
run to establish trends on aging the blends containing Additive K and to inves-

tigate the relationship between tank screen condition, water holdup, and separ-
ometer rating. The following conclusions were drawn:

(1) With normal flushing procedures, water holdup at the tank
screen occurred unpredictably. Water holdup may be elim-
inated by acid-cleaning the fuel tank screen or, of course,
by removing the screen entirely.

(2) Water holdup was associated with higher separometer rat-

ilngs. Comparing results without regard to blend age, the
following average values and standard deviations were noted:

No water holdup observed (19 tests): 47 ± 11
Water hnlcirp observed (9 tests): 65 :L 11

(3) There was a definite trend toward lower separometer rat-
ings as the blend containing Additive K was aged. This was

qualitatively evident from the earlier tests, and a quanti-
tative comparison was made on later tests on blends of
known age, using only those tests in which water holdup had
been eliminated. The following average values a.,d standard
deviations were observed:

Fresh blends (Z tests): 56 * 0. 5
Blends aged 72+ hours (8 tests): 37 * 5. 5

On the aged blends, the number of tests is sufficient to
establish that test repeatability was considerably improved
when both blend age and water holdup we1r- controlled in the

comparison.

(4) Although insufficient data are available to establish the crit-
ical period of aging, it was noted that four blends aged 16

to 34 hours gave ratings almost as low as those aged 72 hours
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or longer Therefore, it is probable that most of the inter-
action or aging effect occurred in the first 24 hours after
adding the inhibitor.

Further discussion of the effect of blend aging will be deferred
until a following section

In considering practikal means of overcoming the problem of
water holdup at the fuel tank screen, neither acid cleaning nor operc.tjng with-
out the screer, is very attractive For acid cleaning, it is necessary to remove
and reinsta!! the screen each time: this is too time-consuming for a test of
this type Op,:rating without the screen introduces some danger of pump dam-
age Further. it tends to aggravate a problem Boractimes noted due to "slug-
ging" of water in the first few seconds of the flow period. It is believed that
the water. depen"'ing on point of addition, may hit tbh. screen in a fairly mas-
sive dose; then because of the dead spaces in the back-pressure regulating
valve a±nd in 'he line from it to the needle flow-coitrol valve, a large portion
of the water rmay fail to be rnixed into the fuel. This settled-out water may
then either i'emalt, in the regulating valve or may partially "slug" through
when flow is started to the coalescer. It is believed that the filter screen helps
to break up the first dose of water and minimize accumulation. It is understood
that c!irrent work of the CRC subpanel has been aimed at standardization of the
method of adding water, using a pipette and adding the water at a definite peint
in the tank In; all of the SwRI tests, water addition has been by pipette, but the
rjoint of addition was not absolutely sta-.dardized.

The water holdup which has been observed at the filter screen
appears to be related to the development of a hydrophobic surface. In addition
to the effect of such holdup in changing the proportions of the water-fuel emul-
sion, there has been some concern about the possible functioning of the screen
as a coalescer, thus feeding a partly-coalesced emulsion to the test section.
The fuel flow from the tank to the coalescer goes through the pump and the
body of the back-pressure regflatirg valve, but does not pass through the ori-
fice of this valve, which is assumed to be the primary point of eii.-silication
in the recirculated stream

At this point in the program, a new filter screen ,.vas installed
in the tank. Very surpribingly, no water holdup was observed in ahy of the
106 tests performed .ihsequentlv These tests included all of the additives
tested previously, so it is difficult to scee how the problem could have been
caused by "poisoning" of the screen surface by a specific additive. During the
period when water holdup at the screen was being encountered, its occurrence
appeared to be cumpletely random, and no logical explanatio, h-As been found.

Water holdup may also occur on the bloping bottom of the tank;
thin is observed mostlv with highly-refined additive- free base stocks. It is
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also suspected that major amounts of water are held up in the body of the
back-pressure regulating valve and possibly in the line from this valve *:o
the flow-control valve. During the latter part of the program, data were
recorded on the volume of water recovered in the settling chamber. It was
found that with highly-refined additive-free base fuel only 1 to 3 ml of water
were recovered during the entire test, in contrast with the theoretical recov-
ery :f 15 6 M-l. Thu:i, the emulsion being fed to the coalescer conta.rtea only
0 1 -0 2% water instead ot the nominal 1%. Additive-blended fk.fý gave some.-
wh'at Ihigi,-c water recuvery, in the order of 4 to 8 rnl. Since tests on additive-
containing blends are associated with water carry-through, it is not possible
to assign a firm "theoretical" value to the settling-chamber recovery. In
general, water recovery data were very erratic; the following illustrate two
cf the extreme types of deviation from theoretical behavior:

Theoretical for Soltrol 130
Complete Recovery Soltrol 130 + Additive G

Separometer rating (100) 100 57

Total water collection, ra.-l, 2 0. 5 6
at end of successive flow 4 6+
periods 6 7+

10 - 8
13 --. 8
16 -- 8

In tests on relatively heavy highly-refined materials such as Soltrol 130, it
is probable that most of the water never becomes mixed with'the fuel, but
is held up on the bottom of the tank and elsewhere. In some tests on additive-
containing fuels, as illustrated for Soltroi 130 plus Additive G, it is evident
that a large slug of water comes through upon first opening the flow-control
valve It was considered possible 'ha:. some of the water holdup problems
were associated with the design of the back-pressure regulating v-,ve. How-
ever, an attempt to reduce such holdup by filling the chamber of this valve
with Woods metal was completely unsuccessful, and, in fact, appeared to
increase the amount of initial slugging; probably elimination of the dead
space in the valve simply favored the accumulation of water in the take-off
line.

It is felt that the present method of preparing the emulsion and
feeding it to the coalescer introduces some nonrepeatability into the test pro-
cedure, in view of the erratic water collection that has been .hberved. It is
possible that a direct takeoff from the pump discharge line would be a supe-
rior method of feeding the emulsiun tu Uthe cualescer, however, this possibil-
ity has not been studied experimentally.
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1 3. CCCoraiePrrni

As a oart of the overt_-all contractual effort. SRpatipate
intewrk of the CRC - Aiation Pianel on Water Sepa ration et n in,

two coopereative prog~ramns-ofthe Separometer S'Ubpinel.. One of the tit,
fuels (Gulf Coast JP-4 designated as RAF-151-60 and most of the id-ditrves
unaA inthz programs -were lurnisched-br SwRI as a,_parit of th_:6work-

The initial program of the dRC-subpave-l was concerned wi&fthi
cnec~ngout he igsas supplied, using sev~eral additivestogieawd

I ran~~ge of ra~ngs SwRI data obtained at that time ate included i al 1
This progr.±in was iun with ungraded coalesce~r disci as described prei-Iously.

I ?~~ev-ertheless. the agreement a .oný laboratories kiesnal ood. andIdid demonstrate that additines were rated in the same general1 categoiries of
performance by all laboraturics-

t
The second C-RC program included the use of graded coalesce

e.=.zn~s and- Slight ch-rcS i . ý--nt and pro-cedure. The SwRl results
obtained in this program are show- in Table 12. These results, were obtained-
using the benzen4L water flushing procedure discussed-peviously- -It sboudbe
noted that other laboratories retained the staniard flushing procedurke for thuij Program-

Although a discussion of th r r-aresults of the _CRC p-rogram
is outside the scope of this report. it mnay bme noted that effects of blendiing_
procedures and aging were observed by other laboratories, and were believed

to be respcnsible for some *Af the discrepancies -obstrved- Since these p~rb-.
lemswereunreognzed at the beginning of the program,. no statbdardprce

du-res had been adopted& it is probable that wide variations in procedure occur-
Ired among the laboratories All SwRI tests were run on biciaded-in7-glavss

sanuIDe. auin the inhibitor tou the fuei u=d~ stirring until dissolvedi. Msost Wf
I the tests were run on fresh blimds. but in the SwRi tests at that time no ýdefinite,
Icontrol wzs exercised on :aging per!-zd At least one laboratorr- in the CR"C sub-.
fpanel used-stock- solutions uf the inhidbitors, addin them to the ba.. _fitieti d-Q

7ý iteivbefore starting the test- it is understood that in crrent CRC progiams
thesamle leningand hand-1.zn procedures-have been standardized, so !hat

the test itself may be evaluated wtutadded complications. As W.Ill be dis-ý
cussed in the followinug section. aging or interactior. effects nave been fouind
to occur with several inhibitors. Therefore. it is very possibl that -the inberý-

U ent reproducibility of the separometer test among laboratories is considerably

I better than that demonstrated in the early programs-
The problem of water holdup in the tank has als- 1s-en notted by

other laboratories-, in some of the more recent CRC work. this problem was
eliminated by running without the filter screen-.
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ABE11. SwRI RESULTS iN ýFiRST PR~tOGRAM ON-
WATER SEPAROEE

kq5Liprientt used as; received
Standaird flushing piroce&lre:

O~ s~stepfow- rate- schedul

Base Fuel ~.&iltv~) Averge-iMeter eidzg

TBayoi D

Esso turbihe ice. Nokke(b) loci, 100f B(b) go 9

RAF 151-60 jGuIZI Coast .Jp-4) 900Jb) 0l: 0

:2 ~~~~~B(b) 9.9.7.8.9.9

I. C
D~b)s.
k-VIE(b) 100.-9 95i

F 100o,945,
to G 66. 46

_ H10. 11
I3 16.14

-~ jr~b)3Z. 50. 40.. 3.5
L Z7. 45

I N .94.9
,. ()3. 0-

(a) Ma]xmum allowable concentration -per B111,145017- I

(b) Inc~lided in cocaperative CRC progra-
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I tABLE 1Z_ SwRI RESULT'SIN SECONDp PROGRAM 'ON-
WATER SEPAROMETER

j Graded coalescer elements
Water aizd benzenecedo ilsig

Reii~e ~~eI-st! 1e~ rte scheduleI Ambient temfperature 7,0-8F

j ase tuel Addithie(a) Avera*ge Meter Reidiags

IEsso turbine _%el None 100

Esso turbi;ne fuel B 91, 98. 97. 96-

jRAP 151-60 (Giilf Coast JP-4) None 100. On9 100

IRAF 151 -60 I'Gulf Coast J-P-4) B 90. 80, 94. 94

RAP 151-60 (Gulf Cozatt JP-4) 1) 84. 4. 83ý. 74-

RAF 151-6C (Gulf Ccast JP-4) E 9.9.98

RAF 151-60 (Gulf Coast JP-4) K 40. 47. 4S. 4S

-RAF I5I-60 (Gulf Coast J-P-4) 0 U., 14. Z

RAP 151-60 IC-ulf Coast JP-4) P (0- 17%) 99. 100

jRAP 151-60 (Gulf Coast JP-4) Qio 51%) 98. 98

* (a)Maximum allowable concentration per MIL-I-25017. exc~ept .atf ~indicated-
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14 Blend Aging Etffects

I ~~~As described in the preceding section. a definite blen gn
I ~effect was- discovered as one of the major factors contr-ibuting to the ~zo

test repeatability on Additive K. It is quite reasonaýb :o sijppice- t.a vluei-
additive- interactions -ni-ay occur, -depending on the co'-'osition of the addi
tiv.e and of the nonhydrocarbion trace constituentsi ofithe fuel, and-tbat sycnh
interaiction:- either maight be quite -rapid- or might recuiie several- houirs,
days. or even longer to develop fully-

A summarnay of the -test resuljts relating to the iging'ýetis
given ir. Table 13- This table includes ail of the inihibitors -tested in JP-4;,
some ox the irj_!.zors have been run orni~ at zero age- Essentially axllof the,Idata shownin Table -13 were obtained after the instillation of the new filterf
screen. so that water holdup was not a complicating- factor- It' will be ;;--ted

that of those additives for which adequate data are available. twob 6f thtem
(K and 1) showed definite decreases ir. separonietef ratin~g as the bl~ends,
aged, and three of them ,t. ID. ana G;soe dfinte increases- A~nother
additive (F') showed a slight increase upon aging whichd may be significaint
in view of the hziproveo repeatability demonstrated-in recent tests.

The icrease of separometer -rating upon blend aging was ,rathet
spectaciular in the case of Additive G. which gave initial -ratings cfz27-,30

I ad n-_Zz '-e 5:-74 after 3 bouts and to 79-81 after 18 hours or more.
IIl of the si.r additives fcr which adequate data are available -do- show somie
aging effect in die JP-4 fuel- The remai-ning seven additives 'were notVchecked
for aging effects; they fall at. the high or ;ow ends of the separotneter attI -scaale. and hence aei'ig effects would have t3 be rather eziteme to be deected
It is very possible. however. that so~me of themn would showt such effectsi-

Thevaratin f wtt~- ee-. ~g roperties with blend aging-
Itime ioints out the diffi-culity of eating the apparatus itself when this coM-pl1-ý

cation is pr=veta Althouch it is csiirddesirable to use a`ctuz~l ztGodu4c-Z
tion fuels for such work. the prescrice of norehydrocarboon trace ~..ttet
in such fuels does complicate the evaluation of the apparatus..

* A
A question also ax 2ses; -n interpreting the results as applied -to

I the individuaOl inhibitors. For a corkrparison of the zeparzaýne~er results 'wih
thase of the single-ele.-ent tests (which comparison is mrade in a liter-secz-

£ tion of this report). the fresh-blend sepa-ometer results are used. -The
single.;elemem-t tests in this progrmp r u nfehvbe~e ul

A ~additive mxitures in all cases-

P Although no attempt was made to define the chemiczl reic~tions
im-oived in the observed aging effects. itwas demonistrated rather conclIu-
sively that for one particular additive the agiiig effects 'were causedbyitr

action of the additive with polar nonhydrocarbon constituents. of the fuel, A



- ~~TABLE 13-. SEPARO)METER RESULTS ON -FRESH'AND AGDB LENDS

Base fuel GuOA Coast JP-4

Sepaircieter Ratzfts at tollin ;Blend Ae Jr

Additive() 0o Z-3 -4-5;8,3 7

B8Z 81 90 96

ID 74 77 90.90o

I F 8585 89 9

G 30. 2:71 27 74. 55. 60 79 8

H10.11t

j 331. 33

K 1 45. 55, 57, 56

L 32. 41 45 50 3721i

3N 98. 98

*f0 3. 3

(a) )Aaiiznzna alomwable concentration per MIL-I-750-11-
71 (b) Blend age unverified.

()Average of-8 tests; standard deviation *5.5S-
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Ion Additive G at maximunn concentration in this fuel gave- the following; ratings_

in comiparison with blends in untreated Gulf Coast JP-4:

jFresh -Blends Blends Aged 24'hr

Treated fuel 9 14fUn~treated fuelk 28 79

Thus, the aging effect for t:i partcAar additive Is indeed due to intefiction
-7; between the additive and polar trace constituents in the fu-ei. It will be notedIthat ever. the freshl-blend v.alue for the treastedl jP_ 4 fuel IS inuchl tawew;than

the corresponding fresih-blend value for untreated fuel.. This is an indication
that the ini--raction between additive a. d fael constituents either h~s-ah-appre-
ciabie effect immediately after blending, or that the interaction becomes sig
--d'icant durilng the course of the separometer, test itself- The "fre-shm-blen:&u
values, although termed "zero-h ~ur" ddi-a. actualIv represent about 15 xntt-

ute bewee th blr~dngoperation and the start of the separomneter test.

In the light of thiese data on Additive G. it appears probable Chat
theagig efects observed with other adtvsmywl ecue - iia

interactions, -Another phenomre-non which has been mentioned as a possible-
cause of aging effects is the* '"plating out7 of additives, ie-. *additive depletion

- during sterage of fue-i-additive blends by adsorption of the additive on container
walls or oher surfaces- It is belie-ved !hat such depletion is unimportant here.

= ~and in a~iv case the decrease of separomneter ratings (such as for Additive K)
J~could -.ot Le explained on this basisý

-%.4ny broader interpretation of l'uei-eatidtive aging phenomena is
outside ti= scope oi thi-3 report- it may ic -noted in passing t Uat both the

I fre;ýhly- blender; iind aged characzeristics of a given fuel-additive combination
inma-be of practical importance in -P-- fuel-handling eq-.ipment_ The results
dis "ussed here apply vdiv to one particular JPm.4 fuel. and it SZhoU7. not beI ~~inferred that the samez aging characteristics wilb ie ya priua d

4tive in different fuels.

5-~ Effect of Additive Concentration

A limited stadr was made of she effec' of additive corncentrationsepaomeet atigsusin Additives C amid K. The results of hs id

are -somrewhat inconclusive because of the occurrence of water holdup-in--Isiy h eut _cri.gzthese tests. as discussed previou-sly. 1lasi yng hrsuv:crigtI whether or not wateXm hoeldup was obtain~ed. thze followin~g lineup Of separameterI -ratings is observed:
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-tests With Tests without
Water .'Holdup WaLter Ho~ldup

IAdditive C. Maximrum 8
* ointermediate I I

Minimum 2"1 zo2
{Additive K. Maximum. 69 (Avg) 56 (Avg)

*Minwnum 66 59

I All of thcse test results were obtained or. fresh blends. Additive C showed
an increase of -separometer rating at m iunn i conceatkatich rihi rb* Iably significant. although the values of 20ý-U aie still on the low ~end of-the} ~separorneter rating rag'- 'The results en Additive K did not show any sigý-

;M ficant change of rating on reducing additive -concentration-. As discussied
previously in connection with the single-elew-ent tests, the minimum COn-
centration is in the order of 30%. of the maximumn in the case of Additive C.
bct in the order of 70%J of the maximum in the case of Additive K_

6. Reference Fluid Investigation~s

Although initial ex-periercc With !he CRC scparonieter had-been
moderateiv favorable in terms of agreement among la-r~~;eS it became
evident that some sort of reference fluid or fluids was needed for interlaboý-
ratory check- on equipment operation and rating level- The aging effects
observed wit!h commzercial additives and fuels indicated clearly- that such
blends are not suitable standards-. Ideally, a reference fluid should -be readily

- - .obtainable, closely specified. inexpensive, and close to commercial fuels in
ihtaypure h-rdrocarbon or mixzur' of hydrurbs ithsrneil-have

a separometer rating of 100 if the equipment is operating properlky. This ow:
ecvck ponint, however, is not a critical tcst. of rigz rating lervel ; it is necessary

als tohav reerece luids in she rnid- range where reprodu'cibilit As mr
ilifficuW.-

Plure hvdrocarbons with physical Properties in !he :et fuel rang*
are extremely e-xpensive. Some worklh s been report;ed brr oher laboratories
on the use of lighter materials such as toluene-iscuocmanc blends as rcference
xlIuids.. These !n-;rocarbons are readfily avaiilaible and -relatively inexpensiLVe.
but their lowI viscesity introduces operating problems in the separometer..

In general. it doem. not appear necessary to spe~fMy pure hydro-
caronsasrcf~ene luisprovided suitabe cmmercial herlo-carbon soL.

vents, free of Polar inaterials. can be obtained. Bayol D. a widely -used
"refined ktrosene"T solvent, is no longer av-ailzble. Thtre solvents havv beer.

examined in the SvwRl prograrm for possitile use as reference fluids: Sovasol.
35. WS-;37:_u, and Sd~trol 130.. These are all isopar2.ffnic: "odorless" solvents.



obtained (so far as is known) from. heart cuts of alky-late bottoms. No addi:-
tives are prese.nt in :he WS-3750 or Soltroi, btt the particular So--:ol used
-_n this program was reported by the supplier to contain a smalil arn&4i& of
"antio'cidant. " The following data are of interest in comparing Physical Dro-j ! perties of these solvents with the properties of commercial fuels:

Dist- Range, G.-vity.- ViscoVty,.
I_____F APT.?!60 cs/lQO'F

Gulf Coast JP-4 140-505 50 0.84
Aviation Z -rCbse.e 350-520 41 1.38

SG--sol 35 345-420 -- 148SWS- 37 50 430- 500 48 Z. 41
Soltrol 130 150-405 56 1.38
Bavol D 430-50W 48 1.85

It --il! bý noted that the Scrv-msol 35 an~d 56o1trol 130 approxdinate t~e vikos'it-y
of conmxercial aviation kerosene, and -h= WS-3750 is-much more -iscors.

Separometer results or. the t.hree "-odorless"- solvents blended
wit.h various commercial corrosiorn inwhibitors are shown in Table 1_-L .1tu-11!

I ~ ~be noted that the Sr-.-a.ol 35 gave consistently !ow ratings; apparently the presý

S~~ence of the "'antio-.idant"- in tho..• solvent Makes it unsuitable-as a refer-ence
3 ui-d. Percolation through alumina brings this solvent up to 100 separomet-
rating, It is understood that additive-free Sovasol 35 can bee obtain-ed irom. a
different refinzrv of the samc com-pany.

The tc:sts *!-h - t WS-3751 g=- rat of 100. Some
of the addiutv bWenus in Sh• selvent gave res-utsI that were -lower ta• theI corres-:ciding results with JP-4-. Hc•--r. :he -ost outstantji- nge wsj shown bY. Additive G. It will be noted that ith aging I;,e9t a"nrVd with jP-4
was competely absent when this additive was blendea in WS-3750 In this
respectthe WS-3750 was similar tto the alumina-treated JP-4 a-z-Feil-ed
previously

j WS-3750 i-s somewhat -n.suitable as a reference fluid because
of its high viscosity Apart from tihe iqustion of c-unpar;bii-ity of results with
thosc an fuels of n.-rmal viscosity., there are also operating problems. The
WS-37=-G caunot be used in the metering systems of the --nisti•g separo=ne:ers;
"for the tests shown in Table 14. an ausiliary rotameter was used. Also. emu!--
sion for.-mation appears to be scmewhat more difficult with thi=s viscous jmel.

- The. 3otrole 130 gave• rati-njs of 100 on uninhibi:ed ifel. and rated
the additivei, at essena-.a!!- the sa-e levels as givea in corres.pnding tests in
!P-4 fuel There also appea.ed *o be a slight agi;g effect on the two additives
for which iWtis was investigated. The aging effects were in the same directons
as !base observed for th-e corres-panding JP-4 blends. but rot as pronounced.I59
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I TABLE 14. SEPAROMETER RESULTS ON REF E

FLUID CANDIDATES

i Separometer.IU1 ,i(b)
Additive(a) Sovasol 35 WS-~375(- Soltrilý6 130 JPZ4 (Av rae)

Non0s 100 i00 16001 8710C -00

B 67(0) ---a0) 8240C)

S o 1)60)

D 11 (Z) 19O0(0 94(01- 74(0)
1 0(3-5) 9o tit)

E 100 iC)

aF 17,(0j 85(0.)

G9(0) 10(0) 29(0) Ze(My
11(3) 57(3) 63(3)

10 (Z9) IS (Z4) 43174) 79 (Z41

A7 KC Z3 'Lo 63(0) 53!0.1
z2 (0) 3Z (3) 53(3)
Z4 (Z9) 33(2Z4) 54 (24)

-15 (1441 3? (#Z-!'s

0 13(0) 3(0)
10(0)

er5;

La) Maximum allowable concentration per MIL-I-ZS017..
ateil' ia)Nmilorsa j~aentheses represent -ftel-additive blend age ;n hours.
* *~ j(c) Fuel percollated through alurmima..

tuves
UOUs
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Mi- very preliminary work done on base stociks 0'referencte

sefflidn Is mo iAke any firm recornmendatirs fdtresl
vents examnined. DIltzol 130 appeai"s to be the most-sutble Oe~~er6 the-

agn f'fect observediawith some of the additives is. a rcL- of Conk~rn. i
may be that some sort Gf a final cleanuro operation in !he lbrtr ilb
necessary to ins-ure against all polar contaminants. fegardkms _t

Th usei ~of separinGeter -ofld betaheles

Furtherwa:k or. refference fluids i's being carried uthog
CCcoo-aerative action- In additzon to specifying a suitable bas- fluid it will

benecessary to specify a suitable additive or additxves icr obtainingt'he Stand-
adfluids for the internieciate rating range__ The comrmercial corroiionizhi-b-
iosused in the S-xRl program are not suitable for this purpose beeaa o-f

lack ofaav firm pcfcadno composition. Mv ftecfjýtDS2`
proprietary,. and Lai-vcat r believed to be insiaificientIv sadrl~e~o

us nreference fluids..

zation and checkinig reprocucz-bility, it is our cpmnion tkat they are not abso-
lutekv essential for this purpose. ai=; that any extensive effort in their
development is not justified.

Another potential use of a standard base fluid would be a-- a
material in which new a-lditives (or production Iwo* of present additivres)
could be checked for their elf-ecv. on wates. separatain- For such use. the
Soltrz! 1-311 appears qieattractire. sinc-e the additives tested were all rated-

at approkimtatc; the sam e lcevels as in JP-4.. It-is believed that such-use of
astandard base fudi fcnieal au.admr oki hsdzc;

iion wmuid he b i-sial-At_~ ~sadr-~ evaluation;Cf an addtive
coui' ~zossiblv zp'-edict performance in all camvnertiai fuels. such an evalu-
ation woulId at Irast, serve to -imed out poor znate-z;.es,

i- Tests on ffith-Tempera=we Futl

in abrif sudyof the separomtemeis capability of evaluating -a
- _-rsost ul duplicate tests were run on HTF-Z 7(isopro.-

pylbicyclohtexyll This nzaterial zs much heaviler than anyv of the fluids pievi-
usly irun in the separoincter. hav.i-,, an API gravity of ZS acd !& viscosiltv of

6.3 centistokes at ICOOF_ It was [iecessa~r to use an auniliaryr rotainette for
!his material-

Excellent coalescence waz olbzý,in~d; thn- duplicate tests gare
raticgw =c IT% qO 99 Iwever. the eni'* &= emulsion formed by recirculation

3did not appear to be as dense or stabLLe -as uiese obtained With JP-4- Als~o,
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it was observed that at the higher flow i.,tes there were relatively large drop-
lets of water (or possibly fuel-water) which rose d;lowly through the sCttfilig
chamber. These droplets were eventually carrieA into the turbidity cel:. and
caused fluctuation of the meter but no permanent deflection. It appear prob-
able that the velocities in the settling chamber are too high for a fuel of this
density and viscosity. Fuels of this type could be evaluated in the separometer
in its present form.provided the flow ra.te schedule is modified to exclu0. the
higher flow rates. An alternative solution would be the use of a larger settling
chamber to reduce velocities. If any extensive work were done wit*. this type
of fuei in the separometer, it would be desirable to improve the method of
emulsion formation. The tests performed here have indicated that the separ-
oineter can be adapted to evaluation of such fuels, by modifications similar
to those indicated.
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V. COMPARISON OF SF.PAROMETER AND SINGLE-ELEMENT RATINGS

Having identified and corrected the factors contributing to separometer
nonrepeatability, it was possible Io obtain a firm comparison of separometer

and single-element ratings on the additives. Table 15 gives a listing of recent

separometer tests on all of the corrosion inhibitors, and the corresponding
single-element ratir.gs based on effluent clarity. The separometer ratings in

the table all represent tests in which no water holdun was evident. Fxrther,

in cases where an aging effect was noted, the separometer ratingR in the table
all represnt fresh-blend data. This latter restriction was observed sineP

Ihe entire -tingle-element program was run on fresh blends. It should be

pointed olut again that the aging ctiaruct.rittircs of a particular fuel-additive
combination may be of utmost importance in determining its suitability for
some particular use; however, for the purposes of this pruglarr-, rtging char..
acteristics are merely a complicating factor which has necessarily been
eliminated or equalized to obtain valid comparisons.

As shown by the results listed in Table 15, the most recent separo-
meter ratings (observing the restrictions mentioned above), show excellent
repeatability, the spread between duplicate tests being 3 units or less on all
inhibitors except the K and L. these inhibitors (which are in the difficult mid-
range of rating and also show aging effects) give a spread of 7 to 10 units in

duplicate tests The ratings shown in Table 15 for Additive D, averaging 87,
are considerably higher than the ratings in the 70's that have been reported
previously for fresh blends of this additive However, the higher ratings
have been verified by additional rechecks and appear to be the most reliable
results

In considering the degree of correlation of Lhe separoinleter ratings
with the 5i.;gle-element ratings, it will 1,- ubserved that the additives fall
into two broad groups. The group with the better performance showed separ-
uirieter ratings uf 82 tu 99 and a tol-I 4. 2 0 Lo 4 5 satisfactory single-element
ratings. Within this group, the single-element tests showed somew;iat Ahirper

discrimination among the additives than did the separometer tests. For

example, it is believed that the distinction between a J. 5 and a 3. 5 rating in
the single-element tests represents a significant difference in performance
level, but that the corresponding 99 and 98 separo:nmter ratings are indis-

tinguishable Although no proof can be advanced, it is believed that it would
be advantageous to modify separometer procedures to "spread out" this
upper end of the scale with the aim of obtaining more discrimination. It is
noted that the order of rating additives in this group is exactl, the same for
both tests. Although this is probably fortuitous (in view of th p -. all differ-
ences in both separometer and single-element ratings). it is still 'ery encouraging.
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I TABLE 15. COMPARISON OF'SEPAROMETER AND-
InfG1XE.EL1IIENT, BATbihC T

j Glfr Coast JPk--4 fuel

Saitisiactor*

e. ~Single-wElement

I E ~4-5 999999
tS

IN 3-5 98(8.9)

I D 2. 7 89 8. 88

B Z. 0 82 (82.8

jA 1-0 30 (Z9. 34)

G Z. 99%30. Z7-. 27)

I A 050-(45. 55)

IL0 46 (52. 454)

13 0 3Z i31. 33)

Z H 0 10 jiP. 11)

*~~ '1 t 06 . 83)-'

0 (1 Otest) 3 (3j 3)

(a) Ma~dmuzn allowable coi -tainper M11L4-250!7L
(ki Nwnber of satisfactory effluent cloud ratings. out ofi fe, =essible

iragz~g. (series with A/C test dust and water)-
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taLSts includes single-ýeleznent ratings ofl In and ndQprmtran~e~oj fadt'swt eaievp.orreiraleU oh1
from. 3 to 50. The order of rating by the two mgetbos is noi-the same, sincei
Additives A and G teach showing one sa-isfactory sintle-eenn tes)wr
rated lower in the sepakroneter than some of the other aidditivetwich ga4*ve
nu satisfactory si.Vge-tleznent .ests. this discepancy is jt consideredd

seios -in 7- a: the imbqw Mnodes of failure which are, coterved im ýsfinglez
tln'entsts. That is, a iparticular aLdditiveý-eli~emientccmhifl3. ilt'iiay-i~

a faiing single-elentent test bi. failure of *ater-enalescing actioUn. '0 PS

age of' solid particles at low pressu-re din;p 2probkbly due to hthe isPersinI ~action of the additive), or by passage of solid patce thigh pressure
drobn The separ-oxneter evaiuajes the relatively simple phencpznenofl ofjwater coalescence without the ccomplication off soilid contiminiWZ. Further.
! he single-elernent ratings are mtade on a go-no-go baslis which deininds-
essientially perx-ect perfezr-mance at a given set of conditions; the *eparoý-_ter

*ratings are based on tahe "'extezz odf flailurre" over a range of fDow reaes-
Another difference be-tween the two types of test is the flow system- Ill he
scparotzmetter.the fuel and water are pre.-ixed. and flow troughthe coa-
lescer is single-pass The sinl--eleine" 't vs! operate with contiyvmousý
injection of contaminants and recirculating flw in this repc h igle.
elemnent. tests suffer -frozn the same basic disadviantage as -tiai bevdi
full-scale filter-separator testing. Th reicltn fe tmi!s anL
artificial device, =t: encountered in ficid o-peration.. which conceia~.~

I give fictitious results because of cumulative buildup of solids or cumulativne

extraction of additive and fuel constituents.

In view of the mnany differences between the two methods of evalua-
tion, the degree of correlation apppears to be satisfactory for thc additives-

-M ~tested at maxi-mumn allowable concentration- The studies of effect of concen-

tration have been ver-Y limited, 1=3wever, they have revealed one emample- on
A"-..-t-ve C in which the two methods of evaluation do not correlate. as s:6own

Concentration, Concrain

-Average separo-meter rating-

Single-elemen". resuts -
1:1lznber of ele-n-ent types tested
XNumber of ecsm ent types giving

satisfactorr zests 1

It can be 3een tha; the redctuon of concentration gave a satislz-rtý-rv szingle-
- ~elemnentztest, but ;izd not raise the separo.-neer rating to -the leve: usal

associlazed with satisfactury performtance. Tkls, this may be an example of



: LPoor coirrelation bet~ween the--two trots -of"test- Additional ingl1e-e4e flit

I tests would be required for confirmatipn. J
I ~~~~~With ths.; one eyception, the degree oi corre-latin pa!tJCJ

satisfactorv- This corrilatioza increases cnieeuteusofheepar-

O~etr ~ a seeri~gdev-ice to eValuate add~iies-or specific aatwe

1=4

4r.
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The singil-f-el emeni tests run in this progra~m have indicated very
deflirulte differences in the effect of various additives on water and dirt-

j TeMc~ve. and also definite differences aimong !he efficiencies, of vari~iis
I ~types of filter-separator elemrents- The presence of corrosin tuibtors.

was generally detrimental, padrtilri on water coalescence AIZ'separa-;
I tion. Fiitter tests with iron oxide contanainant~s usually showed less ff'edtie-eIpeerfor.man-ce, and saenie reversals oi relativie additive ratings were no~ted

(in comparison with tests wihthe Aid dust). The use of red iron oxide plu
O_ 5% water gave the most scuvere conditions for filter-sepakator pe-formance-

There was a general relatienshtip between the effect of an additive on
irixerfaciall tension and its effect on wazer separation. but two of that twelve
inhibitors did -not follow this- general cerrelation..

At minimumn allcwable conccntrarlon. three out of five additiv~es, whiMch
had failed at maximum concentration showed entirely acceptable -resultsiln
comparable tests WAC dust and water)_. Fuel -arornati-cs f-nterat and gaxt
-xithin JP-4 specification limits, did not show any effect on-coalescen.ce or,

- ~ ciu~d reeniurn, ~itthe-re was a mariked effect on Mier pl.-S.-inS (in tests
with A/C test dust and water)-

- ~The program with the CRC water separometer has shown a very
encouraging correlation with the single-element test ratixngs based on e~ffiienttI4clarity- Severe difficulties- in separoeineer test repeatability were encoun-,

I tered in the early part of the program; howtver. tn~st oi these were, tlerescl!I of interactions between fuel and certain additives and cannot be attribute-d to
I ~~any difficulty with apparatus or procedure- Somec .nnr e J.~zns oftjhe.

separe'-ecr- test would be desirable to I=Lehr improve repeatability. such
as detailed standardization of the procedure for emulsion formation and the

Ielimination of water holdup in thi-s s-~s'#m The Ilatter wa d rewuitre eqip-
Imert modification. and may not be fally justified to date b~y the rcz.atlt
I obtained.

In a limited search for a se-paromezer reference fluid, the most
attractive candidate tested was Soltrol 130. a comrnn-rcianw-available
kIa-tcdt_ A reflerence fluid would be verr cormhenienmt for screening-

* exeraniental additives. but such a fluid is nat absolatel- esseitiall forI ~purposes of standardixing equipment and procedure..
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